Introduction
============

Lung cancer is the third commonest cancer in the European Union with 386,300 new cases diagnosed in 2006. It is the most common cause of cancer death with an estimated 334,800 deaths in 2006. Computed tomography (CT) is usually used for the initial staging and functional imaging using 2-\[^18^F\]fluorodeoxyglucose positron emission tomography (FDG-PET) is used to identify both mediastinal nodal involvement and distant metastases and also to assess response to therapy. The integration of PET and CT in PET/CT provides accurate anatomic localisation and improved staging over PET alone.

Staging
=======

The majority of lung cancer (80%) is non-small cell lung cancer (NSCLC) and the treatment and prognosis depend on the anatomic extent of the disease at presentation and are defined using the TNM system. The International Association for the Study of Lung Cancer (IASLC) has recommended changes to the TNM staging, which will be incorporated into the 2009 edition^\[[@B1]\]^. In the revised classification T1 tumours will be divided into T1a (\<2 cm) and T1b (2--3 cm). T2 tumours less than 5 cm will be T2a and those between 5 and 7 cm, T2b. T2 tumours greater than 7 cm will be reclassified as T3 tumours. Tumour nodules in the same lobe (previously T4) will now be T3 and malignant pleural effusions and nodules and pericardial effusions will become M1 (previously T4). Malignant parenchymal nodules in an ipsilateral, but separate lobe will be classified as T4 (previously M1), with nodules in the contralateral lung being M1a and distant metastases M1b. The nodal classification is unchanged.

Primary tumour (T status)
=========================

Twenty to thirty percent of patients present with a solitary pulmonary nodule (T1) and differentiation of benign from malignant disease may be difficult. If a standardised uptake value (SUV) of greater than 2.5 is used to indicate malignancy, the sensitivity, specificity and accuracy of FDG-PET for differentiating between benign and malignant nodules are 94%, 71% and 86% with positive predictive value (PPV) of 90% and negative predictive value (NPV) of 85%^\[[@B2]\]^. False positives will occur in tuberculosis, aspergillomas, rheumatoid nodules, Wegener\'s granulomatosis and amyloidosis. False negatives occur in small early stage adenocarcinoma and squamous cell carcinomas, bronchoalveolar cell carcinoma and some carcinoid tumours.

The exact extent of tumours is difficult to assess using CT for both chest wall and mediastinal invasion. Gross invasion can readily be identified but CT is inaccurate in differentiating contiguity from subtle invasion.

PET/CT has no real advantage over CT for chest wall or mediastinal invasion but is excellent at differentiating tumour from adjacent collapsed lung ([Fig. 1](#F1){ref-type="fig"}) and is helpful in planning radiotherapy portals and reducing toxicity by the sparing of normal tissue^\[[@B3]\]^. Overall PET/CT is more accurate than contrast enhanced CT for the T staging of tumours (86% versus 79%) but not significantly so^\[[@B4]\]^. Figure 1Patient with NSCLC. PET/CT shows central tumour separate from distal consolidation.

Nodal status (N)
================

The presence of regional node metastases significantly alters prognosis in NSCLC. When disease has progressed outside the ipsilateral hemithorax the outcome is poor with less than 3% of patients with N3 disease surviving 5 years. In patients with N2 disease, the size, number and nodal levels involved influence survival. CT provides good anatomic definition but with significant over and under staging with a reported accuracy of 62--88% ([Fig. 2](#F2){ref-type="fig"}). Figure 2(a) NSCLC on the left with involved subcarinal (N2) nodes. (b) Same patient with involved right superior mediastinal nodes (N3), which are normal in size on CT.

FDG-PET has been shown to be more accurate than CT for staging mediastinal nodes in multiple studies and is cost effective. Detection is dependent not on size but on metabolic activity and an SUV~max~ of greater than 2.5 is often used as the cut off value, although increasing the SUV~max~ to 5.3 gives an accuracy for malignancy of greater than 92%^\[[@B5]\]^. In a meta-analysis by Gould *et al.*^\[[@B6]\]^ PET was more sensitive and specific than CT for large nodes (85% and 90% versus 61% and 79% respectively) but with small nodes the specificity of PET decreased. PET is better than CT for N0, N2 and N3 disease but not N1disease and the accuracy for staging nodal uptake appears to be less for smokers compared to non-smokers particularly for N2 disease (72% versus 96%)^\[[@B7]\]^. The results comparing CT and PET from recent studies are shown in [Table 1](#T1){ref-type="table"}^\[[@B4],[@B8; @B9; @B10; @B11; @B12]\]^. Table 1Accuracy of PET or PET/CT in nodal staging compared to CTAuthor, yearNumber of subjectsCT (%)PET (%)PET/CT (%)Yen^\[[@B8]\]^, 2008[^a^](#TF1){ref-type="table-fn"}9665.582.3Melek^\[[@B9]\]^, 20081707874Shimm^\[[@B4]\]^, 20051066984Cerfolio^\[[@B12]\]^, 20041295678Yang^\[[@B10]\]^, 20081227085De Wever^\[[@B11]\]^, 200750667080[^1]

False positive uptake in nodes occurs in sarcoidosis, amyloidosis, Wegener\'s granulomatosis, anthracosis tuberculosis, histoplasmosis and organising pneumonias. False negatives are also a problem. Lee *et al.*^\[[@B13]\]^ in a study of patients who were clinically stage 1 found the incidence of unsuspected N2 disease was 6.5% in T1 tumours and 8.7% in T2 tumours. The risk factors for unsuspected N2 disease included a high SUV in the primary tumour, adenocarcinoma histology and central rather than peripheral tumours.

Meyers *et al.*^\[[@B14]\]^ performed a cost analysis study in patients with stage 1 disease, and found 5.6% had unsuspected N2 disease, and that mediastinoscopy was not cost effective in this group. Many groups would therefore suggest that mediastinoscopy is not required in patients who are N0 on PET/CT. In patients who are N1 on PET/CT the incidence of unsuspected N2 disease in much higher (23.5%) and mediastinoscopy may be appropriate for this group.

Mediastinoscopy has been considered the gold standard for pre-operative staging but provides limited access to posterior mediastinal node groups. Endoscopic techniques either via the oesophagus for posterior mediastinal groups (levels 7--9) or via the bronchus for access to superior mediastinal, paratracheal, subcarinal and hilar nodes (levels 1, 2, 4, 7, 10 and 11) is increasingly being used. Eloubeidi *et al.*^\[[@B15]\]^ found endoscopic ultrasound (EUS)-fine needle aspiration (FNA) positive N2 and N3 nodes in 37% of patients with negative mediastinoscopy and it was more accurate than CT or PET (98% vs. 41.5% vs. 40%). Similarly endobronchial ultrasound (EBUS) with guided biopsy is more accurate than CT or PET (98% vs. 60.8% vs. 72.5%)^\[[@B16]\]^.

Metastatic disease (M status)
=============================

The commonest sites for metastatic disease in NSCLC are the brain, bone, liver and adrenals (in decreasing order) at presentation. FDG-PET is a whole body imaging system that will identify unsuspected metastases and PET/CT is significantly better than CT or PET alone for extra thoracic metastases^\[[@B17]\]^, although it is limited in assessing brain metastases.

Metastases to the adrenals are not uncommon and FDG-PET can differentiate incidental adrenal adenomas, which have low uptake from adrenal metastases that exhibit increased uptake with a reported accuracy of 99%. PET/CT is more specific than PET alone for adrenal masses^\[[@B18]\]^.

Metastases to the central nervous system are common and detected in 18% of patients with M1 disease at presentation. FDG-PET may not be very useful as the brain always shows increased metabolic activity and other isotopes such as \[^11^C\]methionine may be more sensitive.

FDG-PET is more sensitive and accurate than isotope bone scans for bone metastases (91% and 94% versus 75% and 85%), with a very high PPV of 98% if the findings are concordant on PET/CT although this decreases to 61% if the CT is negative^\[[@B19]\]^ ([Fig. 3](#F3){ref-type="fig"}). Figure 3(a) PET/CT shows uptake in the thoracic vertebra which is not identified on the diagnostic CT. (b) Same patient. Metastasis is seen on the MRI.

Prognosis
=========

There are numerous reports on the prognostic value of FDG-PET using the SUV of the primary tumour although the values used are very variable. Cerfolio *et al.*^\[[@B20]\]^ found tumours with an SUV~max~ of greater than 10 were more likely to be poorly differentiated and of advanced stage at diagnosis and the SUV was the best predictor of disease free survival. Goodgame *et al.*^\[[@B21]\]^ using a median SUV of 5.5, found a recurrence rate of 14% in those with an SUV less than 5.5 compared to a 37% recurrence rate if the SUV was greater than 5.5.

Response to treatment
=====================

Patients with stage 1 disease are the most suitable candidates for surgery with survival rates of 57--85%. Patients with stage 111A NSCLC who have bulky N2 disease have a very poor prognosis, however in patients with 'unexpected' N2 disease the prognosis is much better with 20--30% 5-year survival if complete surgical resection can be performed. This is the rationale for attempted down staging of bulky N2 disease with induction chemotherapy prior to resection. Lorent *et al.*^\[[@B22]\]^ found that patients who either had a partial response or stable disease in mediastinal nodes after induction chemotherapy had a 5-year survival of 35% following surgery compared to 9.4% in the non-responders.

FDG-PET has been shown to be better than CT in identifying responders in other tumours and re-staging with PET/CT appears to offer some advantages over CT or mediastinoscopy.

De Leyn^\[[@B23]\]^ compared PET/CT with CT and mediastinoscopy for pre-surgical re-staging and found PET/CT was more accurate than CT (83% versus 60%) and mediastinoscopy (83% versus 60%) with a low sensitivity for mediastinoscopy (29%) as 60% of patients had incomplete mediastinoscopy due to fibrosis and adhesions. Although FDG-PET appears to be good at assessing the response in both the primary and metastases, it is less accurate for the response in the mediastinal nodes with a 20% false negative and 25% false positive rate and FDG positive nodes should undergo biopsy prior to definitive surgery.

FDG-PET can be used to stratify patients into prognostic groups following therapy. Eschmann *et al.*^\[[@B24]\]^ found the change in SUV in the primary tumour following chemotherapy was predictive for long-term survival with a decrease of more than 60% predicting a much longer survival compared to those whose SUV decreased by less than 60%.

Recurrent disease
=================

Approximately 30--50% of patients who undergo surgery will develop recurrent disease, with most (90%) occurring in the first 2 years. The recurrence rate is highest for T4 or N2 tumours (70%). Recurrences may be loco-regional (20--40%), distant (66--74%) or both (9--14%) ([Fig. 4](#F4){ref-type="fig"}). FDG-PET is both sensitive and specific for recurrent disease with a high NPV and will alter treatment plans in up to 63% of patients. Figure 4Recurrent disease shown on PET/CT in a patient who developed a broncho-pleural fistula 6 months after pneumonectomy.

Conclusion
==========

FDG-PET/CT is now an established method for staging lung cancer and provides additional information compared to conventional imaging. Positive nodes may require biopsy either via mediastinoscopy or increasingly, endoscopic guided biopsy. FDG-PET also provides prognostic information on both initial and recurrent tumours.

[^1]: ^a^Results from an area with a high incidence of granulomatous disease.
